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BUNDLE SECTION OF A PIPE BUNDLE FOR
SUBSEA INSTALLATION

This mvention relates to assembling lengthy pipeline
bundles by connecting together shorter sections or portions
of such bundles end-to-end.

Pipeline bundles are used commonly 1n the subsea o1l and
gas 1mdustry to provide robust and easily-installed subsea
flowline systems. For example, pipeline bundles may be
installed 1 o1l fields to connect or ‘tie back’ production
subsea wells, manifolds or well head platforms to host
facilities or to subsea tie-in points.

A common pipeline bundle configuration comprises at
least one rigid flowline pipe to carry production fluids that
comprise o1l and/or gas, enclosed within a continuous rigid
carrier pipe. The flowline pipe and the carrier pipe are
typically of steel but either or both could, 1n principle, be of
composite material. Additional layers or components can be
added to the pipes, such as an internal liner or an outer
coating. Such additional layers or components can comprise
polymer, metal or composite materials. Also, flowline pipes
can be single-walled or of double-walled pipe-in-pipe (PiP)
construction.

Other elongate elements such as pipes and cables are
typically included 1n a pipeline bundle, extending 1n parallel
with the flowline(s) to carry other fluids, power and data
signals along the bundle. The bundle typically terminates 1n
towhead structures at i1ts ends. The towheads may include
valves, connectors and manifolds to connect to a wellhead or
to subsea jumper pipes.

Integrating a pipeline bundle and towheads to form a
towable umt allows a bundle system to be prefabricated,
assembled and tested onshore or in sheltered water before 1t
1s towed to a subsea field for installation. Conveniently,
therefore, multiple elongate elements can be towed together
to an installation site as a single integral unit and 1nstalled on
the seabed simultaneously 1n one operation. Reducing the
number of subsea-connected interfaces simplifies the 1nstal-
lation process and improves the reliability of the system, as
compared with connecting units at a subsea location and
performing tests there instead.

The carrier pipe protects the flowline(s) and any parallel
clongate elements both mechanically and against corrosion,
and may also contribute significantly to thermal insulation.
By surrounding a sealed hollow chamber within, the carrier
pipe also contributes buoyancy that enables the bundle to be
towed to an installation site.

Longitudinally-distributed transverse spacers hold the
flowline(s) and other elongate elements withun the carrier
pipe and relative to each other. The spacers also facilitate
insertion of the tlowline(s) and other elongate elements into
the carrier pipe during fabrication of the bundle.

Whilst pipeline bundles are generally straight when
manufactured, those skilled in the art well understand that
rigid pipes of metal—as defined 1n API (American Petro-
leum Institute) Specification 5L and Recommended Practice
1111—can bend elastically along their length and so have
some flexibility. However, whilst they have flexibility, ngid
pipes are to be distinguished from flexible pipes as defined
in API Specification 17] and API Recommended Practice
17B.

The composite structure of a flexible pipe, comprising
layers of metallic and polymer materials, allows a large
bending deflection without a significant increase 1n bending,
stress. This results 1n a much smaller minimum bending
radius (MBR) than a rigid pipe—typically about 3 to 6
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2

metres versus about 100 to 300 metres. However, the layers
that make up a flexible pipe will be damaged 1rreversibly i
the MBR 1s exceeded.
Flexible pipes are not rigid enough to contain, or to
provide eflective mechanical support to, one or more rigid
pipes within. Also, large-diameter flexible pipes cannot
withstand high hydrostatic pressure. Flexible pipes are
therefore unsuitable for use as a carrier pipe of a pipeline
bundle.
Rigid pipes of polymer composite material are not yet
defined 1n standards tailored to the subsea o1l and gas
industry. Like rigid steel pipes, polymer composite pipes are
essentially stifl vet elastically flexible. They can withstand
more bending strain than rigid steel pipes but cannot flex in
a similar way to flexible pipes. Thus, ‘rigid pipe’ should be
understood 1n this specification as also encompassing rigid
pipes ol polymer composite material, having bending char-
acteristics much more akin to ngid steel pipe than to flexible
pipe—as those terms are understood by those skilled in the
art of subsea o1l and gas technology.
A typical pipeline bundle 1s a few kilometres 1n length, for
example approximately 2 km long. Their length 1s con-
strained by the availability of land at onshore fabrication
facilities such as spoolbases. In principle, therefore, the
maximum continuous length of a pipeline bundle 1s about 7
km. However, most pipeline bundles are considerably
shorter. There 1s a need for longer bundles; 1n particular, the
distance between subsea connection points to be connected
by a subsea ‘tie back’ can exceed the length of available
tabrication facilities.
One approach for longer pipelines 1s to fall back upon
traditional pipeline installation methods such as reel-lay.
However, such methods cannot install several elongate
clements at a time and so cannot match the convenience of
installing pipeline bundles. Such methods also forego the
protection ol a carrier pipe against mechanical damage,
corrosion and heat transfer.
In view of these drawbacks, various techniques have been
used or proposed to allow the use of longer pipeline bundles.
In general, these techniques involve the assembly of two or
more shorter bundle sections end-to-end to form a bundle
that 1s as long as the aggregate length of the bundle sections.
They therefore present the challenge of how to connect
together adjoining bundle sections, both mechanically and
for fluild communication between them.
A first conventional techmique, used 1n fabricating a
structure such as that disclosed n WO 2010/055335,
involves welding together successive pipeline bundle sec-
tions 1nside a dry chamber situated just offshore from an
onshore fabrication facility. Welding can also be done
onshore, for example on a beach beside such a fabrication
facility. In either case, a first, downstream bundle section 1s
partially immersed 1n the sea or tloats on the sea while being
jomed to a second, upstream bundle section that remains
accommodated wholly or partially in the fabrication facility.
A typical sequence to make intermediate connections of
the carrier pipe 1n parallel to the rest of the assembly
sequence Comprises:
welding or otherwise connecting together flowlines and
other elongate elements of the bundle; and then

closing the carrier pipe by welding together hali-shells or
sleeves around the flowlines and other elongate ele-
ments.

A major drawback of the abovementioned technique 1s the
difliculty of testing the welds. The critical role of the carrier
pipe means that 1t has to be leak-tight and also mechanically
resistant to installation constraints, notably fatigue. Conse-
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quently, intensive ispection of the welds 1s mandated by
standards. This ensures redundancy by using multiple
ispection methods 1n succession, such as ultrasound, radi-
ography and magnetic particle inspection (MPI) using pen-
ctrant dye. Such repetitive weld 1nspections are expensive;
they also slow down the fabrication process because they lie
on the critical path.

GB 2267945 teaches that successive bundle sections may
be connected together on a vessel floating offshore. This 1s
complex and expensive because 1t requires the presence of
the vessel, and suflicient hoisting equipment and deck space
on the vessel to perform tie-in operations and testing.

Another known technique involves using two or more
conventional bundles connected end-to-end as sections of a
longer bundle. Typically, the bundle sections have to be
installed separately, with individual towing and lowering
operations, and are subsequently connected together on the
seabed via tie-in spool or jumper pipes. For this purpose,
cach bundle section may be equipped with towheads
arranged to simplity subsea connection of spool or jumper
pipes between successive bundle sections. However, this
technique requires multiple offshore operations and the
creation of multiple critical interfaces deep underwater.
Also, the cost of equipping multiple bundle sections with
respective pairs ol towheads may be prohibitively high.

FR 2529289 discloses a method and device to connect
together sets of parallel tubes simultaneously. Two tighten-
ing collars or plates are aligned on a central axis, arranged
around the tubes and bolted together. This connects male and
female tapered ends of the tubes. There 1s no provision for,
or possibility of, additionally connecting together sections of
a surrounding carrier pipe that would provide mechanical
resistance and external leak tightness.

GB 2063410 discloses a coupling or multiple connector
for multiple tlexible hoses contained within a flexible outer
sheath. This 1s used for small-diameter tlexible hoses and
lines, less than 2" (approximately 50 mm) diameter. As the
hoses are flexible and of small diameter, the process for
manufacturing the coupling system 1s incomparably differ-
ent to, and simpler than, the process for manufacturing a
rigid pipeline bundle. In a rigid pipeline bundle, a flowline
typically has an outer diameter of over 8" (approximately
200 mm) and the carrier pipe 1s much larger, typically
between 24" and 60" (approximately 600 mm to 1500 mm)
in diameter.

Also, a coupling like that disclosed 1n GB 2063410 1s not
apt to be used for connecting together rigid pipeline bundle
sections 1n a subsea environment, deep underwater. The
flexible outer sheath provides little mechanical protection
tor the hoses within and no eflective resistance to hydrostatic
pressure or leakage into the space within the sheath. Whilst
the hoses are sealed to the end bulkhead, the interface
between the end bulkhead and the outer sheath provides a
leak path into the sheath.

GB 25227763 describes a method for use m J-lay or S-lay
pipe-laying operations, 1n which pipe sections are prepared
onshore before being transported to a site at sea where they
are fixed to a portion of already installed pipeline.

GB 2527848 relates to a towable pipeline bundle that
includes a buoyancy pipe for providing positive buoyancy to
the bundle when 1n use 1n seawater.

GB 2448916 describes a system for transporting low
temperature tluids that includes an 1nner tlow pipe located
in, and thermally 1solated from, an outer carrier pipe.

Against this background, the invention provides a bundle
section of a pipeline bundle for subsea installation. The
bundle section comprises: a rigid elongate carrier pipe
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4

having at least one end closed by a transverse bulkhead; and
two or more elongate elements extending along and within
the carrier pipe to the bulkhead, those elements comprising
at least one fluid conduit 1n fluud communication with a
respective opening that penetrates the bulkhead. An outer
face of the bulkhead has outwardly-facing fluid coupling
formations surrounding the or each opening, those forma-
tions being arranged to eflect leak-tight coupling when
forced longitudinally against opposed complementary fluid
coupling formations. Preferably, the fluid coupling forma-
tions are fixed relative to the bulkhead.

The fluid coupling formations may comprise at least one
male formation projecting from the outer face of the bulk-
head. For example, a male formation may comprise a hollow
sp1got protruding from the outer face, which spigot suitably
tapers outwardly from the outer face.

The fluid coupling formations may comprise at least one
female formation recessed into the outer face of the bulk-
head. Such a female formation is preferably a recess that 1s
wider than the opening surrounded by the recess, and that
may taper inwardly from the outer face. The recess 1s apt to
contain an annular seal. There may be a sealing shoulder
surface within the recess around the opening.

The outer face of the bulkhead 1s advantageously
machined across substantially its full diameter. This prefer-
ably defines a substantially planar or slightly convex seating
surface between and around the fluid coupling formations.

The fluid coupling formations are preferably integral with
the bulkhead and may be machined from the bulkhead.
However 1t would 1nstead be possible for the fluid coupling
formations to be attached to the bulkhead.

The or each fluid conduit 1s suitably welded to an 1nner
face of the bulkhead around the respective opening for
leak-tight fluid communication with that opening. Similarly,
the carrier pipe 1s suitably welded to an inner face of the
bulkhead around the eclongate elements within the carrier
pipe.

Advantageously, the bulkhead further comprises at least
one mechanical coupling formation for applying longitudi-
nal force to the bulkhead. Such a mechanical coupling
formation suitably projects radially from the bulkhead
beyond an outer diameter of the carrier pipe. For example,
the mechanical coupling formation may be a flange extend-
ing around the bulkhead. In another approach, the mechani-
cal coupling formation comprises male or female arrays of
longitudinally-spaced teeth, such as are used in pinbox
connectors.

The carnier pipe preferably comprises a minor end portion
joined to the bulkhead and a major body portion joined to the
end portion by one or more intermediate pieces. In that case,
the end portion may have a thicker wall than the body
portion. Siumilarly, the or each tfluid conduit may comprise a
minor end portion joined to the bulkhead and a major body
portion joined to the end portion directly or via one or more
intermediate pieces. The minor end portion of the fluid
conduit 1s then preferably longer than the minor end portion
of the carrier pipe.

The inventive concept extends to a combination of at least
two bundle sections of the invention connected end-to-end
with their bulkheads 1n mutually-opposed, face-to-face rela-
tion. The fluid coupling formations of one of those bulk-
heads are thereby coupled with opposed complementary
fluid coupling formations of the other of those bulkheads.

The mventive concept also embraces a pipeline bundle
comprising two or more bundle sections connected end-to-
end. The bundle sections each comprise: a rigid elongate
carrier pipe having at least one end closed by a transverse
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bulkhead; and two or more clongate elements extending
along and within the carrier pipe to the bulkhead, those
clements comprising at least one fluid conduit i fluid
communication with a respective opening that penetrates the
bulkhead. The bulkheads of adjoining bundle sections are in
mutually-opposed, face-to-face relation and an outer face of
cach of those bulkheads has outwardly-facing fluid coupling
formations surrounding the or each opening, the fluid cou-
pling formations of one of those bulkheads being coupled
with opposed complementary tluid coupling formations of

the other of those bulkheads.

Advantageously, there 1s abutting contact between seating
surfaces on the outer faces of the bulkheads between and
around the fluid coupling formations. Preferably, the bulk-
heads are pressed together.

A mechanical locking mechanism preferably acts on the
bulkheads. The locking mechanism may comprise one or
more tensile elements such as bolts acting in tension
between the bulkheads. The locking mechanism suitably
applies convergent longitudinal pressure to the bulkheads.

Conveniently, at least one of the bulkheads may include
a pressure-testing port communicating with a sealed cavity
that surrounds the fluid coupling formations of the bulk-
heads.

A protective shroud may enclose the bulkheads. Such a
shroud preferably comprises first and second abutting parts,
cach surrounding a respective one of the bulkheads.

The inventive concept also extends to a corresponding
method of assembling a subsea pipeline bundle from bundle
sections. Fach bundle section comprises a rnigid elongate
carrier pipe containing two or more clongate elements, at
least one of which 1s a fluid condut, extending along and
within the carrier pipe to a bulkhead fixed to an end of the
carrier pipe. The method comprises: bringing the bulkheads
of the bundle sections into mutually-opposed, face-to-face
relation; and applying force longitudinally to eflect leak-
tight coupling between mutually-opposed complementary
fluid coupling formations on the bulkheads, those forma-
tions surrounding respective openings in the bulkheads that
communicate with the respective fluid conduits.

Conveniently, longitudinal force may be applied to the
coupling formations via the bulkheads. Preferably, the bulk-
heads are brought into mutually-abutting contact between
and around the fluid coupling formations.

The bulkheads are advantageously interlocked to locate
the bulkheads against lateral or angular movement relative
to each other. For example, male and female fluid coupling
formations may be engaged by relative longitudinal move-
ment between the bulkheads. The bulkheads are then pret-
erably locked together against separation. Leak-testing may
then be performed by applying fluid pressure within a sealed
cavity surrounding the fluid coupling formations of the
bulkheads.

Thus, 1n accordance with the invention, a bundle section
ol a subsea pipeline bundle comprises a rigid carrier pipe
having an end closed by a transverse bulkhead, and one or
more tluid conduits 1n fluid communication with an opening
that penetrates the bulkhead. Fluid coupling formations such
as a spigot or a recess on an outer face of the bulkhead
surround the opening.

Leak-tight coupling between successive tluid conduits 1s
cllected when the bulkheads of two such bundle sections are
brought together. This forces together opposed complemen-
tary fluid coupling formations of the bulkheads. The bulk-
heads connect the adjoining bundles sections fluidly and
mechanically.
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In summary, therefore, the mvention uses end bulkheads
to connect bundle sections when assembling a bundle
assembly made from those bundle sections. The bulkheads
simultaneously connect the carrier pipes of the bundle
sections and the pipelines or other elongate elements within
the carrier pipes of the bundle sections.

In view of welding sequences and additional weld inspec-
tion requirements, one bulkhead 1s welded to each bundle
section on a non-critical manufacturing path, using known
methods. The two bulkheads are specifically designed to
mate while effecting fluid connection of the pipeline parts of
the bundle sections and mechanical connection and tension-
ing of the carrier pipe parts of the bundle sections. The
requirement for leak-tightness 1s satisfied by the bulkhead-
to-bundle welds, which 1s state-of-the-art technology, and by
fluid connection of the bulkhead-to-bulkhead system.

In specific embodiments, one of the bulkheads has a male
side and the other a female side, with male or female
formations that may, for example, have complementary
tapers. Seals may be inserted i this connection at the
interface. Additional proven technologies may be considered
for the connections, such as ‘pinbox’ connectors or hydrau-
lically-actuated connector hubs.

Embodiments of the mnvention provide a connection sys-
tem for connecting two pipeline bundles mechamically and
fluidly. Each pipeline bundle comprises, respectively, at
least one pipeline designed for containing a fluid, said at
least one pipeline being enclosed inside an external carrier
pipe. Preferably there are two or more such pipelines side
the carrier pipe. The connection system comprises two
interconnectable bulkhead hubs, wherein each hub 1s respec-
tively welded to the carrier pipe of each bundle. Each hub
comprises at least one fluid traversing bore welded respec-
tively to at least one pipeline of each bundle.

A mechanical coupling system may be arranged to couple
the hubs together. For example, the mechanical coupling
may comprise a flange. The flange or other mechanical
coupling may be enclosed 1n a protective cover.

Mutually-corresponding fluid traversing bores of the hubs
are fluidly and leak-tightly connected when the hubs are
mechanically coupled. Formations defining the fluid travers-
ing bores may be tapered to seal together in a male-female
arrangement.

The pipeline bundles suitably comprise at least one pro-
duction pipeline or may comprise at least two pipelines and
at least two fluid traversing bores. Fither or both of the
bulkhead hubs may comprise a pressure-test part.

Embodiments of the invention also provide a method to
tie-1n pipeline bundles each comprising a carrier pipe and at
least one fluid transport line. That method comprises: tluid-
tightly connecting a first bulkhead to an end of a first bundle
and fluid-tightly connecting a second bulkhead to an end of
a second bundle. Those bulkheads comprise complementary
flmd traversing bores in fluid connection with the fluid
transport lines of the respective bundles. When the first and
second bulkheads are coupled together, the corresponding
fluid traversing bores of the bulkheads are fluid-tightly
connected during coupling of the bulkheads.

Optionally, the fluid-tight connection of the bundles to the
bulkheads 1s effected by welding. Fluid tight connection of
the bulkheads may involve the engagement of respective
male and female formations that compress seals or gaskets.

In order that the invention may be more readily under-
stood, reference will now be made, by way of example, to
the accompanying drawings 1n which:
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FIG. 1 1s a cross-sectional view of a prior art pipeline
bundle 1n which a carrier pipe surrounds other elongate
clements of the bundle, exemplified here by flowlines or
other fluid conduits;

FIG. 2 1s a perspective view of an interface between two
bundle sections of the invention, which adjoin end-to-end to
make a longer pipeline bundle assembly;

FIG. 3a 1s an exploded side view of the interface shown
in FIG. 2 with the bundle sections being brought together;

FIG. 3b 1s a side view of the interface corresponding to
FIG. 3a but with the bundle sections now brought together;

FIG. 4 1s a partially cut-away and exploded perspective
view of a pipeline bundle assembly of the invention, show-
ing the optional use of flowline transition pieces around the
interface;

FIG. 5a 1s a perspective view of a pipeline bundle
assembly 1n a variant of the invention;

FIG. 5b 1s an enlarged partially cut-away perspective view
of the variant shown 1n FIG. 5aq;

FIG. 6a 1s a perspective view, corresponding to FIG. 2, of
a variant of the interface shown 1in FIGS. 2, 3a and 35;

FIG. 6b 1s a side view, corresponding to FIG. 3a, of the
variant of the interface shown in FIG. 6a; and

FIG. 7 1s a side view of a pipeline bundle assembly of the
invention being towed 1n mid-water as part of a towable unit
that comprises towheads at opposed ends of the bundle.

Referring firstly to FIG. 1 of the drawings, a known
pipeline bundle 10 comprises a rigid carrier pipe 12 of
generally circular cross-section, usually made of steel. The
carrier pipe 12 surrounds other clongate eclements of the
bundle 10 and has transverse bulkheads at its ends, not
visible here, to define a sealed chamber around those ele-
ments.

In this simplified example, the other elongate elements
within the carrier pipe 12 are a rigid flowline 14 and other
fluid conduits 16, which are also usually made of steel. The
flowline 14 and the other fluid conduits 16 are held spaced
from each other and spaced from the iner circumierence of
the carrier pipe 12. The tlowline 14 may be of single-wall or
PiP construction. There may of course be other elongate
clements within the carrier pipe 12, such as power cables or
data cables, but they have been omitted from this simple
example for clarty.

Spacers 18 span the internal diameter of the carrier pipe
12 to hold the flowlines 14, other fluid conduits 16 and any
other elongate elements 1n appropriate positions within the
carrier pipe 12.

A pipeline bundle portion or section 20 1 accordance
with the invention has a similar combination of main com-
ponents as the bundle 10 shown 1n FIG. 1. In summary, those
components are a rigid hollow carrier pipe 12 that 1s closed
by bulkheads at 1ts ends and surrounds one or more rigid
flowlines 14 and other elongate elements, all preferably
supported within the carrier pipe 12 by spacers 18. So, like
numerals are used for like features in the description that
follows.

FIGS. 2, 3aq and 35 show an 1nterface or junction between
two bundle sections 20 of the invention, which adjoin
end-to-end to make a longer pipeline bundle assembly 22.
The bundle assembly 22 may comprise two, three or more
of such bundle sections 20 1n mutual alignment along a
common central longitudinal axis 24.

It will be apparent from FIGS. 2, 3a and 35 that the carrier
pipes 12 of the bundle sections 20 are closed by respective
transverse bulkheads 26 A, 26B located at the adjoining ends
of the carrier pipes 12. Where the carrier pipes 12 are of

steel, the bulkheads 26A, 268 may be machined steel
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forgings welded to the respective ends of the carrier pipes
12. This defines a sealed chamber within each carrier pipe
12. Optionally, those chambers may be pressurised or
charged to an elevated pressure to counteract hydrostatic
pressure at the water depth anticipated during installation. In
some applications, 1t 1s also possible for those chambers to
be flooded 1n a controlled manner for buoyancy control or to
settle the bundle onto the seabed.

Thus, the bulkheads 26A, 26B of the adjoining bundle
sections 20 face each other across the interface. In accor-
dance with the invention, the bulkheads 26A, 26B are
adapted to transmit forces between the adjoining bundle
sections 20 and to provide for leak-tight fluid communica-
tion between the adjoining bundle sections 20.

In this example, the bundle assembly 22 1s arranged to
contain three or more parallel fluid conduits such as flow-
lines 14. Those tlowlines 14 have been omitted entirely from
FIG. 2 for clarity but one of them 1s shown schematically 1n
FIGS. 3a and 35 for ease of understanding. That flowline 14
1s shown 1n FIGS. 3a and 36 as being of P1P construction,
although 1t could be of single-wall construction 1nstead. The
flowlines 14 are also of steel 1n this example.

Each bulkhead 26 A, 26B extends in a plane orthogonal to
the central longitudinal axis 24 of the respective bundle
section 20. The bulkheads 26A, 26B cach have a proximal
or inner face 28 that faces axially inwardly toward the inside
of the associated carrier pipe 12 and a distal or outer face 30
that faces axially outwardly away from the associated carrier
pipe 12.

The mner face 28 of each bulkhead 26A, 26B i1s welded
around 1its periphery to an end of the associated carrier pipe
12. Conversely, the outer face 30 of each bulkhead 26 A, 26B
faces toward the complementary outer face 30 of the bulk-
head 26 A, 26B of the adjoining bundle section 20, across the
mutual interface when the bundle sections 20 are brought
together.

In this example, the outer face 30 of each bulkhead 26A,
268 defines a substantially flat seating surface extending
across substantially all of the diameter of the bulkhead 26 A,
26B. That seating surface 1s arranged to abut, bear against or

mate with the corresponding seating surface of the other,
opposed bulkhead 26A, 26B.

The bulkheads 26A, 26B are penetrated by an array of
openings 32 whose positions correspond to the angular and
radial positions of the flowlines 14 within the carrier pipe 12
about the central longitudinal axis 24. As 1s conventional,
the positions of the flowlines 14 may be determined by
spacers that are displaced longitudinally within the carrier
pipes 12 and so are not visible 1n these drawings.

It will be apparent that 1n addition to sealing the ends of
the bundle sections 20, the bulkheads 26 A, 26B serve, 1n
ellect, as spacers at an intermediate point along the length of
the bundle assembly 22. This reduces the total number of
spacers required to make the bundle assembly 22.

The openings 32 in the bulkheads 26A, 26B are defined
by respective tube formations 34 that extend parallel to the
central longitudinal axis 24. The tube formations 34 are
integral with the bulkheads 26A, 26B 1n this example but
could 1nstead be separate tubular sleeves fixed to the bulk-
heads 26 A, 268.

The tflowlines 14 are fixed to the inner faces 28 of the
bulkheads 26A, 268 around the peripheries of the respective
openings 32 in a leak-tight manner, preferably by welding as
in this example, such that the openings 32 are mn fluid
communication with the interior of the tlowlines 14.

Specifically, concentric circular flanges 36 on the inner

face 28 of each bulkhead 26A, 26B are welded respectively
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to inner and outer pipes 38, 40 of each PiP tlowline 14. In
this way, the bulkhead 26 A, 26B closes and seals the annulus
42 between the inner and outer walls 38, 40 of the tlowline
14. The radially innermost of those tlanges 36 1s defined by
an end of a tube formation 34 that protrudes proximally from

the inner face 28 of the bulkhead 26A, 26B.

Similarly, a peripheral outer flange 44 encircles the mner
face 28 of each bulkhead 26 A, 26B to be welded to an end

of the associated carrier pipe 12.
When the bundle sections 20 are brought together end-
to-end as shown, the openings 32 of each bulkhead 26A,

26B align with their counterparts in the opposing, facing
bulkhead 26A, 26B. Hence, when the correctly-aligned
bulkheads 26A, 26B are moved together in an axial or
longitudinal direction parallel to the central longitudinal axis
24, the tube formations 34 defining the opposed openings 32
cooperate and seal together around their adjoining periphery.
The cooperating openings 32 together form respective lon-
gitudinal passages 46 that extend parallel to the central
longitudinal axis 24. These passages 46 assure leak-proof
fluid communication along the bundle assembly 22 from the
flowlines 14 of one bundle section 20 through the openings
32 to the flowlines 14 of the next bundle section 20.

It will be apparent from FIGS. 2, 3a and 35 that the facing
bulkheads 26 A, 26B are not identical to each other. Instead,
their outer faces 30 are shaped to complement each other so
as to fit together, engage and interlock when the bundle
sections 20 are brought together end-to-end on their shared
central longitudinal axis 24. Thus, fluid coupling formations
on the outer faces 30 of the bulkheads 26A, 26B surround
the openings 32. The flat seating surface of each outer face
30 extends laterally between those formations.

Specifically, bulkhead 26 A has male formations on its
outer face 30 that are received 1in complementary female
formations on the outer face 30 of bulkhead 26B upon
convergent axial or longitudinal movement between the
bulkheads 26A, 26B. The male and female formations may
be regarded as inverse mirror images of each other about the
transverse interface plane that lies between the abutting
outer faces 30.

In this example, the male formations are defined by
hollow tubular spigots 48 that protrude distally from the
outer face 30 of bulkhead 26A. Optionally, each spigot 48
tapers distally as shown. Each spigot 48 1s at a distal end of
a tube formation 34 surrounding one of the openings 32 1n
bulkhead 26A.

Conversely, the female formations are defined by circular
sockets or recesses 50 1n the outer face 30 of bulkhead 26B,
cach surrounding one of the openings 32 in bulkhead 26B.
The recesses 50 complement the shapes of the spigots 48.

Each spigot 48 1s received 1 a respective one of the
recesses 50 when the bulkheads 26A, 26B are coupled
together. Thus, each pair of opposed flowlines 14 are con-
nected simultaneously as the two bulkheads 26 A, 26B are
brought together;

As best appreciated 1n the exploded view of FIG. 34, each
recess 50 provides a seat for a resilient annular gasket or seal
52. The seal 52 may be shaped as a flattened plate, as shown,
or as an O-ring. The seal 52 acts 1n compression between the
base of the recess 50 and a cooperating spigot 48 engaged in
the recess 50, to maintain leak-tightness in a passage 46
defined between the respective openings 32 1n the coupled
bulkheads 26A, 26B. It will be noted that the recess 50 1s
wider than the associated opening 32, and hence wider than
the passage 46, to define a shoulder on which the seal 52 1s
seated.
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To exert sealing pressure on the seals 32, the bulkheads
26A, 26B are pressed together mechanically and held
together 1n a state of mutual axial compression. In this
example, the outer faces 30 of the bulkheads 26 A, 26B are
clamped together by a ring of bolts 54, as shown 1n FIG. 35,
that encircle the bundle assembly 22 and extend parallel to
the central longitudinal axis 24.

The bolts 34 act 1n axial tension on parallel circumieren-
tial flanges 356 that protrude radially from the respective
bulkheads 26A, 26B. Each flange 56 1s penetrated by a
circumierential array of axial holes 58 that accommodate the
bolts 54. Preload exerted by the bolts 54 on the bulkheads
26A, 268 via the flanges 56 forces the spigots 48 into the
recesses 50 and compresses the seals 52 to ensure a pressure-
containing leak-tight connection through the passages 46
between each pair of opposed flowlines 14.

Turning next to FIG. 4 of the drawings, this shows that,

alter they are machined, the bulkheads 26A, 26B may be

welded to transition pieces that are welded 1in turn to the
remainder of the respective bundle sections 20. This helps to
manage correct alignment of the bulkheads 26 A, 268 with
the respective bundle sections 20 and, when clamped
together, with each other.

The machined bulkheads 26 A, 26B are first welded onto
flowline transition pieces or ‘stick-outs’. For PIP flowlines
14 as shown 1n this example, the flowline transition pieces

comprise mner and outer pipes 38A, 40A that are welded 1n
turn to the inner faces 28 of the respective bulkheads 26 A,
26B.

Next, a carrier pipe transition piece 12A 1s welded to the
inner face 28 of the bulkhead 26 A, 26B around the inner and
outer pipes 38A, 40A that define the flowline transition
pieces. The carrier pipe transition piece 12A may have a
thicker wall than the main body 12B of the carrier pipe to
account for increased bending and axial stresses to be
expected near the interface between the bundle sections 20.

FIG. 4 shows that the carrier pipe transition piece 12A 1s
slightly shorter than the outer pipe 40A of the flowline
transition pieces. In turn, the outer pipe 40A 1s slightly
shorter than the mmner pipe 38A of the flowline transition

pieces. Thus, the mner pipe 38A protrudes slightly beyond
the end of the outer pipe 40A. Similarly, the outer pipe 40A
protrudes slightly beyond the end of the carrier pipe transi-
tion piece 12A.

The two assemblies of the bulkheads 26A, 26B with the
respective transition pieces 12A, 38A, 40A may then be
brought together for the bolt holes 38 1n the flanges 56 of the
bulkheads 26 A, 26B to be match-drilled. An alternative to
match-drilling 1s to provide a swivel on one flange 36
complete with shear keys where required. The assemblies of
the bulkheads 26A, 26B with the respective transition pieces
12A, 38A, 40A are then separated from each other to be
incorporated into respective bundle sections 20.

The separate assemblies of the bulkheads 26 A, 26B with
the respective transition pieces 12A, 38A, 40A are welded
via the transition pieces 12A, 38 A, 40A to counterpart pipes
12B, 38B, 40B 1n a prefabricated body portion of a bundle
section 20. Measures are taken to account for any diflerences
in length and to ensure correct alignment. For example, pup
pieces 60 may join sections of a flowline 14.

The 1mnner pipes 38A are welded end-to-end to inner pipes
38B, ecither directly or via a pup piece. Hali-shells 62 are
welded together around the inner pipes 38A, 38B and
welded to the opposed ends of the outer pipes 40A to
complete each P1P flowline 14.
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Finally, outer half-shells 64 are welded together around
the flowlines 14 and welded to the opposed ends of the
carrier pipes 12A, 12B to complete the bundle section 20.

This procedure keeps the outer face 30 of a bulkhead 26 A,
26B 1n the correct plane and position relative to the remain-
der of the bundle section 20. All of these welding operations,
and subsequent weld testing operations, take place off the
critical path and so do not delay the fabrication process for
manufacturing the bundle assembly 22.

The bundle sections 20 are now ready to be brought
together and fixed together to make a bundle assembly 22 as
described above with reference to FIGS. 2, 3a and 354. The
bulkheads 26A, 268 are preferably supported when being
brought together for match-drilling or for final assembly by
a frame or tool. That frame or tool suitably provides for
controlled movement of the bulkheads 26A, 26B to adjust
their relative positions with six degrees of freedom.

Moving next to FIGS. 5q and 5b, these show optional
shrouds 66A, 66B for protecting the bulkheads 26 A, 26B.

The protection of the shrouds 66A, 66B may be beneficial
during transit and fabrication, including when joining an
assembly of a bulkhead 26A, 268 with 1ts associated tran-
sition pieces to the prefabricated body portion of a bundle
section 20. The shrouds 66A, 66B may be used individually
on respective bulkheads 26 A, 268 for this purpose.

It may also be beneficial to fit the shrouds 66A, 66B over
the adjoining bulkheads 26 A, 26B upon completion of the
bundle assembly 22. The shrouds 66 A, 66B can then coop-
crate with each other to surround and protect the flanges 56
of the bulkheads 26A, 26B and the connecting bolts 54,
particularly as the bundle assembly 22 1s launched from a
tabrication facility and towed across a shore and out to sea.
The shrouds 66A, 668 may continue to protect the bulk-
heads 26 A, 268 during and after istallation of the bundle
assembly 22, including when the bundle assembly 22 1s 1n
use following 1ts 1nstallation on the seabed.

The shrouds 66A, 668 have adjoining planar faces 68 to
abut each other when used in combination. The shrouds
66 A, 66B also have oppositely-inclined frusto-conical ramp
surfaces 70. When the shrouds 66A, 66B are brought into
abutting relationship about their faces 68, the ramp surfaces
70 allow the shrouds 66A, 668 to present a smooth, snag-
resistant convex outer surface.

To avoid snagging when the bundle assembly 22 1s
launched axially down a launch way and into the sea, launch

way bogies may be positioned under the bundle assembly 22
to both sides of the adjoining bulkheads 26 A, 26B to keep

the bulkheads 26A, 26B clear of the launch way during
launch. An alternative or additional way of protecting the
bulkheads 26A, 268 during launch and in use 1s to raise an

interface portion of the bundle assembly 22 around the
bulkheads 26 A, 26B above the level of the rest of the bundle

assembly 22. This 1s achieved in FIGS. 5aq and 5b6 by
concentric cones or upwardly-angled pipe sections 12C on
either side of the interface defined by the bulkheads 26 A,
26B.

Following connection and bolting-up of the bulkheads
26A, 26B, leak testing 1s best performed onshore either
betfore or during launch of the bundle assembly 22. A back
seal test 1s preferred to facilitate leak testing 1n a time-
cllective manner, bearing in mind the potential impact on the
critical path.

For this purpose, FIG. 6 shows one of the bulkheads, in
this example bulkhead 26A, with a port 72 that 1s machined
into the side wall of 1ts flange 56 and that communicates
with the outer face 30 of the bulkhead 26A. A circumier-

ential compression seal 74 encircles the outer face 30 of the
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bulkhead 26A outboard of the port 72, and 1s held under
compression by, and sealing engagement with, the outer face
30 of the other bulkhead 26B.

This arrangement of the port 72 and the circumierential
seal 74 enables a back seal test to be performed by intro-
ducing high-pressure tluid into the cavity defined within the
circumierential seal 74. That cavity contains all of the seals
52 between the cooperating spigots 48 and recesses 50 of the
opposed bulkheads 26 A, 26B. Thus, a seal test performed 1n
this manner can be used to confirm quckly, in a single
operation, that all of the flowlines 14 have been sealed
cllectively to the associated passageways 46 extending
through the conjoined bulkheads 26 A, 26B.

Finally, FIG. 7 shows a towable unit 76 comprising the
pipeline bundle assembly 22 connecting a leading towhead
78 and a trailing towhead 80. The bundle assembly 22 is
shown 1n FIG. 7 both mterrupted and greatly shortened: 1n
practice, the bundle assembly 22 will extend over a consid-
crable distance between the towheads 78, 80—+typically
about 2 km.

The towheads 78, 80 incorporate buoyancy, or provide for
buoyancy to be attached, to oflset their weight during
towing. For example, buoyancy may be added directly to the
towheads 78, 80 by attaching buoys or buoyancy modules to
them.

The pipeline bundle assembly 22 also contributes buoy-
ancy to the unit 76 by virtue of air or other gas contained
within the sealed carrier pipes 12 of the respective bundle
sections 20. Additional external buoyancy may also be
provided on, or attached to, the carrier pipes 12.

The unit 76 1s apt to be fabricated and tested onshore or
in sheltered water before being towed to an installation site.
If fabricated onshore, the whole unit 76 may then be pulled
into the sea. This 1s already done for pipe bundles that form
hybrid riser towers used in the subsea o1l and gas industry.

Various towing methods may be used to transport the unit
76 to an oflshore installation site. In particular, the unit 76
may be towed at various depths 1n water. The choice of
towing depth involves a trade-ofl between various factors.

For example, the unit 76 may be surface-towed at or near
to the surface 82, which 1s easiest to manage. However,
surface water dynamics generate fatigue in the pipeline
bundle assembly 22, which 1s the limiting factor that deter-
mines the allowable tow distance. Conversely, towing near
the seabed 84 protects the bundle assembly 22 from the
influence of surface water dynamics and limits risks during
subsequent lowering to the seabed 84 at the installation site.
However, controlling the umt 76 1s more challenging at
depth and 1s only feasible i the contours of the seabed 84
permit.

FIG. 7 shows the alternative of a mid-water towing
method 1n which the unit 76 1s towed at an intermediate
depth 1n the water column between the surface 82 and the
secabed 84. Here, the unit 76 1s safely clear of the contours
of the seabed 84 and 1s beneath significant influence from
wave action near the surface 82. Specifically, FIG. 7 shows
a favoured mid-water towing method known 1n the art as the
‘controlled-depth tow method” or CDTM, as described in
U.S. Pat. No. 4,363,566.

Mid-water towing 1s a good compromise that ensures
low-stress 1nstallation without the use of large crane vessels
that depend on low sea states. This makes installation less
weather-sensitive and reduces the cost of installation vessels
significantly. However, mid-water towing requires precise
buoyancy management.

In all towing methods, the unit 76 1s held in tension by
lines or tethers 86 extending fore and aft from the respective
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towheads 78, 80 to respective installation vessels such as
tugs 88. The bundle assembly 22 acts 1n tension between the
towheads 78, 80 during towing, with tensile loads being
borne principally by the successive carrier pipes 12 of the
bundle sections 20 that make up the bundle assembly 22.

The speeds of, and spacing between, the tugs 88 1s
adjusted to maintain the required depth having regard to the
cllect of drag forces and tension in the tethers 86. Optionally,
a third patrol/survey vessel 90 ahead of the leading tug 88
surveys the route and monitors the towing operation.

In CDTM, the pipeline bundle assembly 22 1s made
neutrally buoyant at the required depth by the addition of
buoyancy and/or ballast chains spaced along 1ts length. In
the example shown, ballast chains 92 spaced along the
bundle assembly 22 add weight that ofisets the buoyancy of
the bundle assembly 22. The ballast chains 92 may, for
example, be attached to the bundle assembly 22 using cargo
straps. As a result of the added ballast weight, the bundle
assembly 22 hangs between the towheads 78, 80 as a
catenary.

When the unit 76 reaches an installation site, the unit 76
1s lowered toward the seabed 84 while the tethers 86 are paid
out from the tugs 88. The unit 76 can be lowered to the
seabed 84 by removing external buoyancy from the unit 76
or by adding ballast to the unit 76.

The unit 76 settles on the seabed 84 1n a predetermined
gap 1n the subsea production system. For example, an
upstream one of the towheads 78, 80 may be interposed
between a wellhead and the bundle assembly 22 and a
downstream one of the towheads 78, 80 may be interposed
between the bundle assembly 22 and a riser.

When on the seabed 84 at the installation site, the unit 76
1s connected via spool or jumper pipes at each towhead 78,
80 to other elements of the subsea production system using
suitable well-known connectors. Those other elements may
be placed on the seabed 84 before or after the unit 76. Spool
or jumper pipes may connect the upstream one of the
towheads 78, 80 to the wellhead and the downstream one of
the towheads 78, 80 to the riser. However, the towheads 78,
80 could be connected to the wider subsea production
system 1n other ways, for example via manifolds, and so
need not be connected directly to the wellhead or to the riser.

FIG. 7 highlights key advantages of the invention. One of
those advantages 1s to mitigate the requirement for multiple
separate tows of multiple-bundle tie-back systems by con-
necting adjoining ends of bundle sections via specially-
adapted bulkheads.

Thus, the invention allows one or more tows to be
removed from an oflshore campaign where more than one
bundle section 20 1s required to make a bundle assembly 22
of the required length. Also, only two towheads 78, 80 are
needed to tow and 1nstall a bundle assembly 22 comprising,
multiple bundle sections 20.

Another benefit of the invention 1s the ability of the
bulkhead connection system to pretension pipelines before
welding. This reduces fatigue generated by cycles of thermal
expansion.

Yet another benefit of the invention 1s that the bulkheads
26 A, 268 create a highly-eflective waterstop that will pre-
vent the entire bundle assembly 22 flooding uncontrollably
in the event that the carrier pipe 12 of any one of the bundle
sections 20 1s ever breached.

Where a bundle assembly 22 consists of just two bundle
sections 20 of the invention, it follows that each of those
bundle sections 20 will define a respective end of the bundle
assembly 22. In that case, each bundle section 20 suitably
has a conventional bulkhead at one end, corresponding to a
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respective end of the bundle assembly, and a bulkhead 26 A,
268 of the invention at the other end, corresponding to an
intermediate junction or interface at a mid-point of the
bundle assembly 22. Typically, each conventional bulkhead
1s arranged to be welded to a respective towhead.

Where a bundle assembly 22 consists of more than two
bundle sections 20 of the invention, two of those bundle
sections 20 will define respective ends of the bundle assem-
bly 22 and there will be one or more intermediate or central
bundle sections between them. Those end bundle sections 20
may have a conventional bulkhead at one end to be welded
to respective towheads and a bulkhead 26A, 26B of the
invention at the other end. Conversely, the or each interme-
diate or central bundle section 20 will have bulkheads 26 A,
268 of the mvention at both ends, these corresponding to
two or more intermediate junctions or interfaces spaced
along the length of the bundle assembly 22.

Other vanations are possible within the inventive concept.
For example, the carrier pipe and/or the flowlines may be of
a composite material. One example of such as a composite
material contains reinforcing fibres in a polymer matrix of
PEEK (polyether ether ketone). Where a pipe 1s of compos-
ite material, steel end-fittings may be adapted to secure the
pipe to bulkheads by welding or by other leak-proof fixing
methods.

The pipeline bundle assembly may be towed using tech-
niques other than CDTM, for example being shaped as an
inverted catenary during towing. This may be achieved by
adding ballast weight to the towheads to act against central
buoyant upthrust on the bundle assembly that extends
between the towheads.

It 1s not essential that the bulkheads have male formations
and complementary female formations on their outer faces.

Nor 1s 1t essential that male formations are confined to only
one bulkhead and that female formations are confined to
only the other bulkhead. It would be possible instead for a
bulkhead to have a combination of both male formations and
temale formations on its outer face.

In view of the considerable width of the bulkheads
transverse to the central longitudinal axis, the clamping
force and consequent sealing pressure may not be linear
across the full diameter of the bulkhead-to-bulkhead con-
nection. In that event, sealing may be assured by one or more
of the following measures, namely: by shaping the seating
surfaces on the outer faces of the bulkheads with a slightly
convex profile; by providing convex sealing plates as the
annular seals; or by sizing the bolts and hence determining
the sealing force to account for decay in sealing pressure
while ensuring adequate sealing pressure i centrally-lo-
cated tlowlines within the bundle assembly.

Instead of bolted flanges, mechanical coupling may be
implemented in other ways. One example of an alternative
mechanical coupling 1s a ‘pinbox’ or ‘pin-and-box” connec-
tor, as oflered by 1l States Industries, Inc. and GMC
Limited under the trade marks ‘Merlin” and ‘GMC Mechani-
cal Connector’. Conveniently, structures implementing such
connectors may also implement the bulkheads.

Pin-and-box connectors comprise an outer female sleeve,
or ‘box’, at an end of one bundle section, around an inner
tubular male part, or ‘pin’, at an adjoining end of another
bundle section. The box has an internal annular array of teeth
that are engageable with complementary external teeth on
the pin.

On assembly, hydraulic pressure applied 1n the annular
interface between the pin and the box deforms the pin and
the box elastically to keep the arrays of teeth out of engage-

ment as the box 1s driven axially around the pin to force the
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bundle sections together. When the hydraulic pressure 1s
relaxed, elastic recovery moves the teeth of the pin radially
outwardly and the teeth of the box radially inwardly into
mutual engagement, locking the bundle sections together.

The 1invention claimed 1is:

1. A bundle section of a pipeline bundle for subsea
installation comprises:

a rigid elongate carrier pipe having at least one end closed
by a transverse bulkhead, the bulkhead having an inner
face that faces inwardly toward an interior of the carrier
pipe 1n a direction parallel to a central longitudinal axis
of the carrier pipe, and the outer face that 1s opposed to
the mner face and that faces outwardly away from the
interior of the carrier pipe; and

two or more elongate elements extending along and
within the carrier pipe to the inner face of the bulkhead,
those elements comprising at least one fluid conduit in
fluild communication with a respective opening that
extends from the inner face of the bulkhead to the outer
face of the bulkhead so as to penetrate the bulkhead;

wherein the outer face of the bulkhead has integral
outwardly-facing fluid coupling formations surround-
ing the or each opening, those formations being
arranged to eflect leak-tight coupling when forced
longitudinally against opposed complementary tluid
coupling formations; and

the or each fluid conduit 1s welded to the inner face of the
bulkhead around the respective opening for leak-tight
fluid communication with that opening.

2. The bundle section of claim 1, wherein the fluid

coupling formations are fixed relative to the bulkhead.

3. The bundle section of claim 1, wherein the fluid
coupling formations comprise at least one male formation
projecting from the outer face of the bulkhead.

4. The bundle section of claim 3, wherein a male forma-
tion comprises a hollow spigot protruding from the outer
face.

5. The bundle section of claim 4, wherein the spigot tapers
outwardly from the outer face.

6. The bundle section of claim 1, wherein the fluid
coupling formations comprise at least one female formation
recessed 1nto the outer face of the bulkhead.

7. The bundle section of claim 6, wherein a female
formation 1s a recess that 1s wider than the opening sur-
rounded by the recess.

8. The bundle section of claim 7, comprising a sealing
shoulder surface within the recess around the opening.

9. The bundle section of claim 7, wherein the recess tapers
inwardly from the outer face.

10. The bundle section of claim 6, wherein the female
formation contains an annular seal.

11. The bundle section of claim 1, wherein the outer face
of the bulkhead defines a substantially planar seating surface
between and around the fluid coupling formations.

12. The bundle section of claim 1, wherein the outer face
of the bulkhead defines a convex seating surface between
and around the fluid coupling formations.

13. The bundle section of claim 1, wherein the fluid
coupling formations are machined.

14. The bundle section of claim 1, wherein the outer face
of the bulkhead 1s machined across substantially 1ts full
diameter.

15. The bundle section of claim 1, wherein the carrier pipe
1s welded to an mner face of the bulkhead around the
clongate elements within the carrier pipe.
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16. The bundle section of claim 1, wherein the bulkhead
further comprises at least one mechanical coupling forma-
tion for applying longitudinal force to the bulkhead.

17. The bundle section of claim 16, wherein the mechani-
cal coupling formation projects radially from the bulkhead
beyond an outer diameter of the carrier pipe.

18. The bundle section of claim 17, wherein the mechani-
cal coupling formation 1s a flange extending around the

bulkhead.

19. The bundle section of claim 16, wherein the mechani-
cal coupling formation comprises male or female arrays of
longitudinally-spaced teeth.

20. The bundle section of claim 1, wherein the carrier pipe
comprises a minor end portion joined to the bulkhead and a
major body portion joined to the end portion by one or more

intermediate pieces.
21. The bundle section of claim 20, wherein the end

portion of the carrier pipe has a thicker wall than the body

portion of the carrier pipe.

22. The bundle section of claim 20, wherein the or each
fluid conduit comprises a minor end portion joined to the
bulkhead and a major body portion joined to the end portion
directly or via one or more intermediate pieces, the minor
end portion of the fluid conduit being longer than the minor
end portion of the carrier pipe.

23. In combination, at least two bundle sections of claim
1 connected end-to-end with their bulkheads 1n mutually-
opposed, face-to-face relation and the flmid coupling forma-
tions of one of those bulkheads being coupled with opposed
complementary fluid coupling formations of the other of
those bulkheads.

24. A pipeline bundle comprising two or more bundle
sections connected end-to-end, the bundle sections each
comprising;

a rigid elongate carrier pipe having at least one end closed
by a transverse bulkhead, the bulkhead having an inner
face that faces inwardly toward an interior of the carrier
pipe 1n a direction parallel to a central longitudinal axis
of the carrier pipe, and an outer face that 1s opposed to
the mnner face and that faces outwardly away from the
interior of the carrier pipe; and

two or more elongate elements extending along and
within the carrier pipe to the mner face of the bulkhead,
those elements comprising at least one fluid conduit in
fluid communication with a respective opening that
extends from the 1nner face of the bulkhead to the outer
face of the bulkhead so as to penetrates the bulkhead;

wherein the or each fluid conduit 1s welded to the nner
face of the bulkhead around the respective opening for
leak-tight fluid communication with that opening;

wherein the bulkheads of adjoining bundle sections are 1n
mutually-opposed, face-to-face relation; and

the outer face of each of those bulkheads has integral
outwardly-facing tluid coupling formations surround-
ing the or each opening, the fluid coupling formations
of one of those bulkheads being coupled with opposed
complementary tluid coupling formations of the other
of those bulkheads.

25. The pipeline bundle of claim 24, wherein there 1s
abutting contact between seating surfaces on the outer faces
of the bulkheads between and around the fluid coupling
formations.

26. The pipeline bundle of claim 24, wherein the bulk-
heads are pressed together.

277. The pipeline bundle of claim 26, further comprising a
mechanical locking mechanism acting on the bulkheads.
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28. The pipeline bundle of claim 27, wherein the mechani-
cal locking mechanism comprises one or more tensile ele-
ments acting in tension between the bulkheads.

29. The pipeline bundle of claim 27, wherein the mechani-
cal locking mechanism applies convergent longitudinal
pressure to the bulkheads.

30. The pipeline bundle of claim 24, wherein at least one
of the bulkheads includes a pressure-testing port communi-

cating with a sealed cavity surrounding the fluid coupling
formations of the bulkheads.

31. The pipeline bundle of claim 24, further comprising a
shroud enclosing the bulkheads.

32. The pipeline bundle of claim 31, wherein the shroud
comprises first and second abutting parts, each surrounding
a respective one of the bulkheads.

33. Amethod of assembling a subsea pipeline bundle from
bundle sections, each bundle section comprising a rigid
clongate carrier pipe containing two or more clongate ele-
ments, at least one of which 1s a fluid conduit, extending,
along and within the carrier pipe to a bulkhead fixed to an
end of the carrier pipe, the bulkhead having an inner face
that faces mwardly toward an interior of the carrier pipe in
a direction parallel to a central longitudinal axis of the
carrier pipe, and an outer face that 1s opposed to the inner
face and that faces outwardly away from the interior of the
carrier pipe, wherein the or each fluid conduit 1s welded to
the inner face of the bulkhead around a respective opening
that extends from the 1nner face of the bulkhead to the outer

18

face of the bulkhead so as to penetrates the bulkhead for
leak-tight fluild communication with that opemng, and
wherein the method comprises:

bringing the bulkheads of the bundle sections into mutu-

ally-opposed, face-to-face relation; and

applying force longitudinally to effect leak-tight coupling

between mutually-opposed complementary fluid cou-
pling formations on the bulkheads, those formations
being integral with the bulkhead and surrounding
respective openings 1n the bulkheads that communicate
with the respective fluid conduits.

34. The method of claim 33, comprising applying longi-
tudinal force to the coupling formations via the bulkheads.

35. The method of claim 33, comprising bringing the
bulkheads into mutually-abutting contact between and
around the fluid coupling formations.

36. The method of claim 33, comprising interlocking the
bulkheads to locate the bulkheads against lateral or angular
movement relative to each other.

37. The method of claim 33, comprising engaging male
and female fluid coupling formations by relative longitudi-
nal movement between the bulkheads.

38. The method of claim 33, comprising locking together
the bulkheads against separation.

39. The method of claim 33, comprising leak-testing by
applying fluid pressure within a sealed cavity surrounding
the fluid coupling formations of the bulkheads.
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